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Abstract: In this paper, a novel 24 GHz flat Fresnel zone plate lens antenna has been 
presented. It consists of three dielectric layers separated by the air gaps and six identical 


metallic patterns printed on the top and bottom surfaces of each layer. According to the 


design principle of the quarter-wave Fresnel zone lens, three required phase correction 


schemes are chosen, -270 degree, -180 degree, and -90 degree, which are realized by 


tuning the width of the conducting shapes. Simulations show that the presented lens 


antenna has an aperture efficiency of more than 44.5% in the band of 21.7GHz~24 
GHz, a directivity of 27.7 dBi, and a 1 dB bandwidth of about 10.18%. 
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Motivation 


® Investigating low-profile low-cost broadband high-gain 


planar lens antennas 

9 he principle of the quarter-wave Fresnel zones is applied 
to design planar lens antenna. This work aims to obtain 
thin or low-profile plate lens with relatively high 
efficiency. 
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Characteristics of Fresnel Zone Plate (FZP) Lens Antennas 


> Ihe FZP lenses/lens antennas are narrowband 
compared to the ordinary ones. All parameter 
similarities hold in a relatively smaller bandwidth 


> Ihe FZP lenses are very much smaller in thickness, 
volume and weight than the ordinary lenses and this 
leads to a creation of lighter lens antennas. 


> Besides, the diffractive plane-steo FZP lenses are 


easy to product and have better fabrication-error 
tolerance 
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Figure 1. Dielectric lenses: (a) ordinary (plane-hyperbolic), 2-step, 4-step, 
and 8-step FZP lenses, and (b) FZP lens antenna with corrugated feed-hom 
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Fig. 3. FZP lens antenna test set-up. 
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Fresnel Zone Plate Lens Antennas in the Near-Field Region, 


IEEE 


TRANSACTIONS ON 


PROPAGATION, VOL.59,NO.5, May 2011 
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Fig. 17. (a) Simulated and (b) measured steered focused beam of the FZP an- 
tenna with the focal length of 0.45 m at the maximum intensity plane for various 
feed displacements. 
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Summary 


> FZP antenna construction is much lighter and has 
significant structural and technological advantages. 
> Realizing beam scanning. 


> Achieving high Gain and high efficiency. 
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Design Principle of Fresnel zone lens antennas 


Quasi-plane wave 


In principle, the Fresnel zone plate lens is a 
stepwise phase transformation. In the case of the 





quarter wave Fresnel zone lens the maximum | Ri t 


Fresnel Zone |l 
X Lens Antenna | 


phase deviation in the antenna aperture equals to ! 
F 
| 
| 
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Quasi-spherical 


90°. The region transitions of the presented lens 


[.] -2100 ^ wave ^ 
antenna are determined using the traditional E = pes 


Fresnel zoning rule for flat surfaces that is based mil 


Primary 
source 





on a geometrical optics approximation. 
opecifically, 


R = [REO +E " d-2L2..N 
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The unit cell of Fresnel Zone lens antennas 
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> The unit cell consists of six identical rectangular metallic layers etching on the surfaces of 
three identical dielectric layers, with suitable air spacers sandwiched. 

> Each metallic layer is a conducting strip that has a size of dxa. The size of the unit cell is 
dxdx(3*Ht+2*H1). 

> by varying the width of the conducting strip ‘a’ from 0.2 mm to 3.3 mm, the transmission 
phase shifting decreases monotonically and spans a range of 400 degree, while the 
_transmission magnitude is within -2 dB over the phase shifting range. 


\ HUAQIAO UNIVERSITY 


College of Information Science & Engineering 





Gain (dBi) 


HUAQIAO UNIVERSITY 





Simulated Results 
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» As the primary source of the Fresnel zone lens 
antenna, the standard horn antenna (LB-34-10) has a 
gain of 12.5 dBi at 24 GHz. 

> The gain of the lens antenna at the frequency range 
of 21.7 GHz - 24.2 GHz 1s around 27 dBi, indicating 
an 1-dB bandwidth of almost 10.18%. 


HUAQIAO UNIVERSITY 


College of Information Science & Engineering 








Quasi-plane wave 
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The system of the proposed Fresnel zone lens 
antenna 
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Measured Results 
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1dB bandwidth is 3.92%, 3dB bandwidth is 17.357% 
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Radiation Patterns 
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Conclusions 


> Only three correcting phases are applied to the 
successful design of the quarter wave Fresnel zone 
lens antenna. 


> The designed antenna has a compact size of 
1 1Ax11Ax0.28AÀ, a peak gain of 25 dBi, and a 3-dB 
gain bandwidth of about 17.57%. 


» [n addition, the antenna provides an attractive 
compromise between performance, fabrication, 
complexity and cost. 
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